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This report is an attempt to explain both s- and p-wave nonleptonic hyperon decays by means
of the QCD enhanced effective weak Hamiltonian supplemented by the SU(3) Skyrme model used
to estimate nonperturbative matrix elements. The model has only one free parameter, namely, the
Skyrme charge e, which is fixed through the experimental values of the octet-decuplet mass splitting
∆ and the axial coupling constant gA. Such a dynamical approach produces nonleptonic hyperon
decay amplitudes that agree with experimental data reasonably well.
PACS number(s): 12.39.Dc, 12.39.Fe, 13.30.Eg
In the Skyrme model, baryons emerge as soliton congurations of pseudoscalar mesons [1]{ [5]. Extension of the
model to the strange sector, in order to account for a large strange quark mass, requires that appropriate chiral
symmetry breaking terms should be included. The resulting eective Lagrangian can be treated by starting from
a flavor symmetric formulation in which the existing kaon elds arise from rigid rotations of the classical pion eld
[3,6,7]. The associated collective coordinates are canonically quantized to generate states that possess the quantum
numbers of physical strange baryons [3,6,5]. It turns out that the resulting collective Hamiltonian can be diagonalized
exactly even in the presence of flavor symmetry breaking [4]. This approach leads to a good description of hyperon
masses, charge radii, magnetic moments, etc. [5]. It should be noted that in the rst phenomenological applications
of the Skyrme model one attempted to t absolute baryon masses, which required a ridiculously small pion decay
constant [2,7]. Nowadays it is understood that there exist 1/Nc corrections to the total baryon masses that are not
fully under control and therefore only mass splittings can be reliably reproduced. In this approach, fpi is kept at its
experimental value. Hence the results for nonleptonic hyperon decays (NHD) [8] need to be updated accordingly.
This report is an attempt to test whether the eective weak Hamiltonian and the extended SU(3) Skyrme model
are able to predict both s- and p-wave NHD amplitudes. This is done through straightforward calculations employing
only the current low-energy elementary particle physics theory, i.e. the Standard Model. In this attempt we apply the
Skyrme model-minimal number of couplings-concept to estimate the nonperturbative matrix elements of the 4-quark
operators [8]. This approach uses only one free parameter, i.e., the Skyrme charge e. In order to avoid the unnecessary
numerical burden, throughout this report we use the arctan ansatz for the Skyrme prole function [9].
Both s- and p-wave NHD amplitudes were quite successfully predicted by using quark models with QCD enhance-
ment factors [10{12]. Note that there are not only current-algebra and ground-state exchange pole-diagram terms, but
there exist other important contributions to both s and p waves. The so-called factorizable contributions and/or kaon
poles were estimated in [10,11]. Pole-diagram contributions to p waves from the (1=2+)-Rooper type of resonances
and pole-diagram contributions to s-waves through the (1=2− )-resonance exchange were calculated in [13].
The starting point of our analysis of NHD in the framework of the Standard Model [10] is the eective weak
Hamiltonian in the form of the current ⊗ current interaction, enhanced by QCD. It is obtained by integrating
out heavy-quark and W -boson elds. This Hamiltonian contains the 4-quark operators Oi and the well-known
Wilson coecients [10,11]. For the most recent values, see Ref. [12]. For the purpose of this paper, we use the
Wilson coecients from Ref. [11]: c1 = −1:90 − 0:61; c2 = 0:14 + 0:020; c3 = c4=5; c4 = 0:49 + 0:005, with
 = V tdVts=V

udVus. Without QCD short-distance corrections, the Wilson coecients would be c1 = −1; c2 =
1=5; c3 = 2=15, and c4 = 2=3. In this paper we simply consider both possibilities and compare the results.
The techniques used to describe NHD (1=2+ ! 1=2+ +0− reactions) are known as a modied current-algebra (CA)
approach. The general form is
<(q)B0(p0)jHeffw jB(p)> = u(p0)[A(q) + γ5B(q)]u(p) =
−i
2fpi
<B0(p0)jH^wjB(p)> jq=0 + P(q) + S(q) : (1)
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Here the rst term is the CA contribution, the second is the modied pole term, and the third is a term that vanishes
in the soft-meson limit. The P(q) term contains the contribution from the surface term, the soft-meson Born-term
contraction, and the baryon pole term, which are combined in a well-known way [10,11]. It represents a continuation
of the CA result from the soft-meson limit. Further continuation is contained in the factorizable term S(q), which is
proportional to the meson four-momenta.
The parity-violating amplitudes A receive contributions Ac from CA commutator terms, factorizable terms S(q),
and pole terms from the (1=2−) - resonance exchange. The main contributions to the B amplitudes come from the
baryon pole terms P(q), including both the ground state and the radially excited states.
The current-algebra Ac and baryon-pole BP amplitudes are well known from the literature. They contain weak
matrix elements dened as aBB′ =< B0jHPCw jB >, which have the following general structure:
aBB′ =
p
2GF V udVus < B
0jciOPCi jB > : (2)
The factorizable term S(q) is calculated by inserting vacuum states. It is therefore a factorized product of two
current matrix elements, where the rst two-quark current is sandwiched between baryon states, while the second
two-quark current is responsible for pion emission.
The CA and the baryon-pole terms contain the important 4-quark operator matrix elements, which are nonper-
turbative quantities. This is exactly the point at which the Skyrme model can be used. Each of the operators Oi
from (2) contains four types of operators, namely, duus ; dsuu ; ds dd; dsss; and takes the form of the product of two





qLγµ(1 − i2)qL qLγµ(4+i5)qL; (3)
where the SU(3) properties are expressed explicitly in terms of the Gell-Mann -matrices. The connection with the
eective Hamiltonian operators Oi is obvious.
In order to estimate the matrix elements entering (2), we take the SU(3) extended Skyrme Lagrangian [5,14]:












where Lσ, LSk, LWZ , and LSB denote the -model, Skyrme, symmetry breaking (SB), and Wess-Zumino (WZ) terms,
respectively. For U(x) 2 SU(2), the SB and WZ terms vanish. The fpi = 93 MeV is the pion decay constant. Here
the space-time-dependent matrix eld U(~r; t) 2 SU(3) takes the form
U(~r; t) = A(t)U(~r)Ay(t); (5)
where U(~r) is the SU(3) matrix in which the Skyrme SU(2) ansatz is embedded:
U(~r) =










α and the prole function F (r) is interpreted as a chiral angle that parametrizes the soliton.
In this work we use the arctan ansatz for F (r) [9]:






Here r0 - the soliton size - is the variational parameter and the second power of r0=r is determined by the long-distance
behavior of the massless equations of motion. After rescaling x = refpi, one obtains r0=r = x0=x. The quantity x0 has
the meaning of a dimensionless size of a soliton and it is determined by minimizing the classical mass Ecl. Changing
the variable x = x0y, all relevant integrals involving the prole function turn into an integral representation of the
Euler beta functions, which can be evaluated analytically .
In the chiral limit of the SU(2) Skyrme model, we obtain x0 =
p
15=4 and the arctan ansatz reproduces static
properties well [7]. For example, gAje=4.1 = 1:25.
In the SU(3) extended Lagrangian (4) we have a new set of parameters, namely, x^ = 36:4, 0 = −2:9810−5GeV2,
0 = 4:16  10−5GeV4, determined from the masses and decay constants of the pseudoscalar mesons [5]. Owing to





















where we use the symbol x00 to distinguish it from the SU(2) case. After introducing the SB terms into the Lagrangian
( 4), one can either treat them as a perturbation [7] or one can try to sum up the perturbation series by numerically
diagonalizing the resulting Hamiltonian [4]. In this paper we follow the perturbative approach. Indeed, as we show
in the following, the SB eects on the decay amplitudes are very small.
At this point we can present the philosophy underlying the tting procedure employed in this work. Since the
couplings fpi and fK are no longer free parameters tted to the absolute values of the baryon masses, but are equal to
their experimental values, the only remaining free parameter is the Skyrme charge e. The value e  4 was successfully
adjusted to the mass dierence of the low-lying 1=2+ and 3=2+ baryons (Table 2.1 of [5]). This value of e was next
employed to evaluate the static properties of baryons [5]. As explained above, in this work we use the SU(3) symmetric
baryon wave functions in the spirit of the perturbative approach to SB.
For the evaluation of NHD, the important baryon static properties are the octet-decuplet mass splitting  and the
axial coupling constant gA. We compute these quantities by using the arctan ansatz in the SU(3) extension of the
Skyrme Lagrangian (4). However, if we x , the axial decay constant gA is underestimated. This is a well-known
problem of the Skyrme model, which can be cured in the more sophisticated chiral models involving quarks [15].




















































The quantity c(x00) represents the rotation moment of inertia in coordinate space, while the s(x
0
0) is the moment of
inertia for flavor rotations in the direction of the strange degrees of freedom. By xing  and gA to their experimental
values, we obtain e = 4:228 and e = 3:423, respectively. In further calculations we use the mean value e = 3:83 and
x00je=3.83 = 0:8789, i.e., 10% less than in the massless case.
For the Lagrangian L, we calculate the matrix element of the product of two (V − A) currents between the octet
states using of the Clebsch-Gordon decomposition [8]:



















i >, with i = 1; : : : ; 4. The quantities  are given by the overlap integrals of the prole function. Using the






































For the O^1 operator, R = 8a,s or 27. ; then
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j8 + 171050 j27

SB: (15)
The 27-piece is very small, which is an important proof of the octet dominance. For fpi = 93 MeV and e = 3:83, we
obtain the following numerical values of the above integrals in units of GeV3:
SK = 0:262; WZ = 0:004; SB = 0:005: (16)
From eqs.(15) and (16) we nd the following structure for a typical matrix element:
< p " jO^1j+ ">= (−20:37SK − 16:67WZ − 27:38SB)10−3 = (−5:34jSK − 0:06jWZ − 0:14jSB)10−3GeV 3: (17)
It is clear that on top of the octet dominance we also nd the dominance of the Skyrme Lagrangian currents over the
WZ and SB currents in the evaluation of a typical weak matrix element between two hyperon states. For e  4, the
SB and WZ terms are of comparable size and their coherent contribution to (17) is below 4%.
The main aim of this report is to learn how the most common approach including the Skyrme model to estimate
nonperturbative matrix elements applies to nonleptonic hyperon decays. Note that there exists a dierent approach
of Ref. [16] in which meson-baryon couplings are directly obtained from the chiral Lagrangian. In Ref. [16] a new
contact term is predicted for p-wave amplitudes. The correspondence between the two approaches may in principle
be established providing a solution to the ambiguity of short-distance corrections.
In this work we have added factorizable, AS(m2pi) and B
S(m2pi), contributions to the Skyrme model amplitudes A
c(0)
and BP(m2pi). The complete results are given in Table I. Comparison of the total amplitudes A(m2pi) and B(m2pi) with
experiment shows the following:
(a) Short-distance corrections to the eective weak Hamiltonian are beyond doubt very important.
(b) Signs and order of magnitudes of all amplitudes are always correctly reproduced.
(c) s waves are in good agreement with experiment.
(d) The Pati-Woo theorem violation [17] and the 27-contaminations are found to be small. It is clear that the
nonvanishing A(++) amplitude is still too small, in good accord with small values of the 27-contamination [19], and
that additional contributions are needed [13].
(e) p waves are subject to some uncertainties. Namely, Donoghue et al. [16] showed that, in the Skyrme model, a
contact term appeared and should be added to the results for p-waves. That has been taken care of in Ref. [14] and
is not present in our case. In our opinion, B(m2pi) amplitudes are not fully described by our formulas; nevertheless,
they agree with experiment reasonably well.
(f) Finally, the factorizable contributions are small. Therefore, they represent just the ne tuning to the total
A(m2pi) and B(m2pi) amplitudes.
Irrespectively of all these open questions and possible short-comings, it seems that the general dynamical scheme
supported by the Skyrme model leads in a good direction. Obviously, we have not controlled all details; nevertheless,
it seems that with the Skyrme model applied in the dynamical framework of this paper, or in the framework of a
more complicated dynamics [14,16], we might be on the right track.
To conclude, we would like to emphasize the fact that the pure Skyrme model Lagrangian L cannot explain non-
leptonic hyperon decays [14]. However, the QCD-corrected weak Hamiltonian Heffw , together with the inclusion of
other possible types of contribution to the total amplitudes (K, K-poles, and /or factorization; (1=2)-poles, etc.)
supplemented by the Skyrme model, leads to a correct answer. This would include the explanation of the octet
dominance, the j∆Ij = 1=2 selection rule, A(++) 6= 0, and the p/s-wave puzzle. Nevertheless, this is certainly a
matter of another series of studies.
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TABLE I. The s-wave (A) and p-wave (B) NHD amplitudes. Choices (off, on) correspond to the amplitudes without and with
inclusion of short-distance corrections, respectively. For the sake of comparison, we have added the constituent quark-model








Ac(0) off 2.02 −2.94 −2.28 0.02
on 3.84 −5.56 −4.34 0.04
AS(m2pi) off 0.03 −0.57 −0.49 0
[10] on −0.42 0.25 −0.01 0
A(m2pi) off 2.05 −3.51 −2.77 0.02
(this work) on 3.42 −5.31 −4.35 0.04
Exp. [18] 3.35 −4.85 −3.27 0.13
Ac(0) off 0.78 −1.86 −1.36 0
CQM [10] on 1.49 −3.53 −2.59 0
BP(1/2+)(m
2
pi) off 20.1 21.8 13.7 14.8
on 38.1 41.4 25.9 28.2
BS(m2pi) off 3.6 −1.5 −0.4 0
[10] on 6.0 −2.4 0.4 0
B(m2pi) off 23.7 20.3 13.3 14.8
(this work) on 43.4 38.2 26.3 28.2
Exp. [18] 22.3 17.4 26.6 42.2
BP(1/2+)(m
2
pi) off 2.9 7.8 7.3 10.4
CQM [10] on 5.6 14.8 13.9 19.7
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